INTRODUCTION
manganese atomic ratio of (1:l). They observed a low methane production, deviating very greatly from the Schulz-Flory distribution. Compared to a pure iron catalyst, 0166-9834/82/0000-0000/$02.76 0 Eleevier Scientiiic Publishing Company Yang and Oblad [3] observed in their iron manganese oxide catalysts an increased olefin selectivity even at a high iron to manganese atomic ratio (2O:l).
In a previous publication [4] , we described the behaviour of a pure iron catalyst during the Fischer Tropsch synthesis at 513 K and 100 kPa. The composition of the catalysts was investigated by Massbauer spectroscopy and X-ray diffraction analysis.
When carburized, that catalyst showed an ethane/ethene ratio of about 0.2 in the steady state, while the product distribution agreed well with the Schulz-Flory prediction.
In the present investigation we have studied the promotor effect of manganese oxide on Fischer Tropsch catalysts. Since it has been long known from the patent literature [5, 6, 7] and more recently from the work of Dalla Betta et al. [S] , that the addition of small quantities of a sulphur containing compound resulted in an enhanced olefin content of the products, we have investigated that effect also.
A review of the effect of sulphur is given by Madon and Shaw [9] .
EXPERIMENTAL

Catalyst preparation
The iron manganese oxide catalysts were prepared by slowly adding ammonium In the same way, manganese oxide was obtained starting from only manganese(I1) nitrate.
A sulphated catalyst was prepared by suspending sufficient iron manganese oxide catalyst in an ammonium sulphate solution (0.01 kmol m -3 (NH~)~so~, Merck P.A.)
to give an Fe/S atomic ratio of 2OO:l. The water was evaporated at 368 K while the catalyst mass was stirred continuously. Thereafter, the same procedure was followed as is described in the unsulphated catalyst preparation after the filtration. After reduction with H2 the catalyst had atomic ratios of Fe:Mn:S of 1.54:1:0.008.
According to electron microprobe results, the sulphur containing groups were present as large clusters on the catalyst surface.
The experimental methods and analytical procedures have been described in a previous paper [43. From carbon monoxide and hydrogen adsorption measurements, we estimate the sulphated and unsulphated catalysts to have an exposed iron surface of about 1.2 m2 g . 
RESULTS
The iron manganese oxide catalyst before and after reduction 
K is slightly asynnnetrically broadened towards the lower hyperfine splittings.
This broadening and the reduced value of Heff indicate that a-Fe203 is present in small particles, with a distribution of particle diameters. Following Van der Kraan
[IO] an average diameter of 23*2 nm can be estimated for these a-Fe203 particles.
Component II shows a doublet at 295 K, but is magnetically split at 77K and
K, with a broad distribution in Heff. The average value of Heff at 77K and K,
and also the I.S. and aEQ at 295 K, are characteristic of small particles of a-FeOOH, with a distribution in particle diameters. Based on the average hyperfine field and on the fact that the superparamagnetic transition temperature is lower than
K, it can be concluded [lo] that the crystallite diameter is smaller than 8.5 nm.
It should be noted that estimates of particle diameters are presented under the assumption that Van der Kraan's results, obtained with samples of small particles of d-Fe203 or a-FeOOH, apply also to our samples in which Mn203 is also present.
According to X-ray diffraction data, the unreduced catalyst consists of a-Fe203, d-FeOOH and also Mn203. The relevant part of the X-ray diffraction pattern of the reduced pure manganese oxide is shown in Figure 2A . These data agree with the pattern of MnO, as is seen from Table 2 . two doublets, labeelled II and III respectively. See Table 1 for the numerical results. Table 3 ; these values support the conclusion that II is a Fe As during the overall deactivation process the rate of ethene formation actually increases, we are inclined to ascribe this deactivation to a decrease in empty sites, for that would, according to equation (41, explain the observed rate increase for ethene.
As opposed to an iron catalyst a cobalt catalyst has a high initial activity;
on these cobalt catalysts some deactivation is observed, which is also coupled with a decreasing ethane to ethene ratio [161.
During the activation/deactivation process the sulphated catalyst is always somewhat less active than the unsulphated catalyst, although in the final (pseudo) steady state the difference in activity is small. It is noteworthy that during the whole activation/deactivation process at 513 K the ethane to ethene ratio is higher for the sulphated catalyst than for the unsulphated catalyst.
Since no relation has been found at 513 K between the olefin selectivity of the catalyst and the amount of manganese oxide added, the manganese oxide itself is not considered to be an effective promotor for the production of light olefins. This
is not in agreement with the results of KBlbel [l], BUssemeier [2] and Yang [33.
We also did not observe any influence of manganese oxide additions on the molecular mass distribution of the product mixture. A fully carburized iron manganese oxide catalyst revealed a Schulz-Flory distribution which was quite similar to that of a carburized iron catalyst without manganese oxide.
However, a great difference between sulphated and unsulphated catalysts is
observed at higher temperatures. The sulphated catalysts are stable at 623 K and give a product with a high olefin content and a relatively low CH4 production, whereas the unsulphated catalyst deactivates quickly and produces only methane.
Kieffer [I21 has argued that the effect of sulphur is basically an increased stability of the catalyst at higher temperatures and that the higher olefinicity is mainly caused by the higher reaction temperature.
Results comparable to those we obtained with sulphated catalysts at 623 K were obtained by Bdssemeier [21 with manganese promoted iron catalysts. In connection with our negative results with manganese oxide alone, we are inclined to think that the olefin selectivity of the catalysts of Bissemeier is caused by one of the other further promotors that are added to his catalysts, or to the use of less pure starting materials.
